SUMMARY Early postnatal malnutrition produces delay in growth and developmental processes, and children from a low socioeconomical level where undernutrition is prevalent are shorter than those from higher socioeconomic levels. We examined the effects of severe and early protein energy malnutrition on growth and bone maturation. We studied 40 preschool children who had been admitted to hospital in infancy with protein energy malnutrition and 38 children from the same socioeconomic level, paired for age and sex, who had never been malnourished. Growth measurements were made over a period of 4-6 years, and bone age was determined in a subgroup through wrist roentgenograms. Results showed a correlation between protein energy malnutrition, birth weight of infants, and mother's height and head circumference. The group with protein energy malnutrition showed a significant delay in stature after four years, especially the girls (p<O.OO1). Weight:height ratio was reduced in boys compared with controls but not in girls. Both groups showed a delay in bone maturation, but there were no significant differences between them. We found a positive correlation between bone age and arm fat area in control boys and between bone age and height for age in boys with protein energy malnutrition. The finding that rehabilitated children were shorter than the control group but had similar bone age at follow up suggests that genetic or prenatal factors were important in their later poor growth, and this suggestion is supported by their smaller birth size and the smaller size of their mothers.
The physical effects of undernutrition on growth have been well defined in animals. The effects vary from species to species, but on the whole the earlier in life it occurs and the more severe and protracted the state, the more likely it is to reduce the stature of the adult. This is so even if the animal is perfectly nourished for the rest of its life.' A lifetime of poor nutrition reduces adult size,2 but if the starvation is only the result of a mild energy deficiency the growth of the skeleton may proceed at a faster rate than the growth of other tissues.3 Under these circumstances the animal seems almost as long and tall as a littermate of the same age, but much leaner.
The skeleton provides a sensitive index of the long term effect of metabolic and nutritional diseases, and there are many studies that have shown that chronic undernutrition slows down the rate of skeletal maturation, delays the onset of menarche, and retards epiphyseal fusion period. This presumably represents an adaptation to a lower functional level in the presence of adverse nutritional circumstances. Such (8-20 months) , having less than 60% of appropriate weight for age and less than 85% of appropriate weight for length. They stayed 90-180 days in the unit before being discharged nutritionally recuperated. All of them have been followed, during the period of their hospital admission and after discharge, by the same group of professionals for six years.
They were compared with a group of 18 boys and 20 girls who had never been undernourished, belonging to the same socioeconomic level and matched for age and sex. This group was obtained from five nursery schools that the previously malnourished children were also attending. We examined all the children in these schools, selecting those with normal weight and height for their age according to World Health Organisation (WHO) standards. We then examined their anthropometrical charts in the outpatient clinic where they were being followed to make sure they had never been undernourished.
As all the children included in this investigation belonged to a poor urban community, both groups were regularly receiving free medical care, immunisations, and food supplementation.
Methods. The following data were collected and recorded for every child in both malnourished and control groups: social level; sex; date of birth; weight and length at birth and measurements of height (cm), weight (kg), head circumference (cm), arm fat area (mm2), and arm muscle area (mm2). Bone age was measured in two subgroups matched for age and sex. Weight, height, and head circumference were measured in the mothers of all the children.
Socioeconomic level of the family was determined according to a modified Graffar scale. This scale includes schooling, activity of the head of the family, and housing facilities. There are six grades, grade I being the highest and grade 6 the lowest in social state.8
Weight and length at birth were obtained from the clinical files kept at the outpatient clinic. These measurements were done in hospital at birth.
Standing heights were determined to the next succeeding 0-5 cm. Readings were taken with the shoes removed, feet together, and heels, buttocks, shoulders, and head touching the scale. Body weight was measured on a beam scale to the nearest 50 g. Children and mothers were weighed nude at the same hour of the day. Head circumference was measured with a metallic tape measure to the next succeeding 0-1 cm. We analysed the nutritional state of the children by expressing their measurements as a percentage of the expected weight for height, height for age, and head circumference for age according to WHO standards.9 Arm fat and muscle areas were determined using the relation between mid-arm circumference, measured with a metallic tape measure to the next succeeding 0-1 cm, and triceps skinfold thickness measured with a Harpenden caliper to the next succeeding 0-1 mm and analysed according to Frisancho's standards.'"' Skeletal age assessment was made at four years of follow up in a group of 12 boys and 13 girls of the undernourished group and nine boys and 11 girls of the control group. They were matched by sex and age. Evaluation of skeletal age was performed double blind by two observers from a series of roentgenograms of the left hand and wrist, using the Greulich-Pyle atlas for standards of reference."
The degree of maturation asymmetry demonstrable in each roentgenogram was quantified by the Red Graph method,'2 in which ages assigned to the most advanced and least advanced bones are plotted Birth measurements. There were significant differences in birth weight and length at birth between the groups when analysed according to sex. The difference was greatest in girls (p<0001) ( Table 1) .
Maternal data. The mean age of the mothers of both groups was the same. There were significant differences in height and head circumference favouring the control group (Table 2 ), but not in weight.
Weight gain and linear growth. The nutritional state of children in the study group showed significant differences in weight:height, height:age, and head circumference:age ratios at admission and at discharge during the initial period of hospital treatment in both boys and girls. During four years of follow up, however, the study group grew at a consistently slower rate than that observed during the period of hospital treatment. In comparison with the control group they were significantly shorter (p<0-001), and the girls had smaller head circumference (p<005). The weight:height ratio was smaller in boys only (p<002) (Figures 1 and 2 ).
Arm muscle and fat areas. There was no significant increase in arm muscle area after four years of follow up in either boys or girls of the malnourished group (Table 3 ). There was a significant decline in arm fat area after four years of follow up, however, in both boys and girls. There was a significant difference in arm fat area between the sexes at discharge from hospital, which disappeared during the follow up (Table 3) .
When the malnourished group was compared with the control group there were no significant differences in arm muscle area, but arm fat area was significantly greater in the controls, particularly in the girls (Table 4) . Bone age. There was a significant sex difference in bone age in the malnourished group but not in the 60.5 (13-5) 54.1 (134) 151 (32) 149 (38) 53-2 (2-2) 53-3(1-1) (Table 5 ). There were no significant differences in bone age between the malnourished children and the controls either as a group or when analysed hy sex.
There were positive correlations between arm fat area and bone age in control boys (Fig. 3) , and between bone age and height for age in boys with protein energy malnutrition (Fig. 4) It is important to emphasise that the children of our control group were able to grow up to WHO standards in spite of their inadequate living conditions. This might depend on the head of the family having social security (permanent work) and better and ultimate schooling and is a fact that shows the inadvisability malnutrition of using local standards for height and weight in an up studies in undernourished community, as these norms will d under fully reflect suboptional growth in the population. 'or this reason We found that admission to hospital was capable independent of reverting the undernutrition and of giving better group.bmj.com on April 19, 2017 -Published by http://adc.bmj.com/ Downloaded from energy malnutrition. They were able to grow at a faster rate, probably because of the extra amount of fat saved during admission to hospital, but they were not capable of attaining the growth of the children who were not malnourished.
When we analysed bone age maturity of the study group we found it to be delayed as previously reported. 1417 Interestingly, there were significant differences in bone age of boys and girls in the study group. This had been reported by Pryor, but we found a more pronounced effect. This could have a genetic reason as proposed by Valenzuela.'9 20 It is important to note the positive correlation between bone age and height for age in boys with protein energy malnutrition. This could be explained by the extra amount of fat gained during hospital treatment. The correlation between arm fat area and bone age observed in controls could indicate that adequate nutrition is related to bone age. The extra amount of fat saved by the boys of the study group could determine an acceleration of growth and therefore of bone age. This finding has also been observed in obese children whose bone ages were significantly accelerated when compared with normal patients. 2' The results obtained confirm the experience in animals and other follow up studies of malnourished children. The amount of information compiled suggests that the effects of severe and protracted malnutrition in early life produce limitation of growth. It is important to emphasise that, although there was a small acceleration in linear growth velocity in the malnourished group, the bone age observed in them suggests that they are not going to attain normal adult height.
The evidence presented in this study suggests that mother's height influences birth weight of their children and that protein energy malnutrition is related to birth weight, so it seems important to give special nutritional support to low birthweight infants, especially if they have precarious living conditions.
The design of this study does not allow us to estimate the influence of maternal nutrition upon growth of their children, but this is probably an important factor because the children of short mothers (who themselves were probably malnourished in childhood) are at disadvantage when placed in bad living conditions.
